Summary: A set of sequence-similar peptides are investigated to understand the role of electrostatic effects in their oligomerization processes. In particular, the potential of mean force along the interchain distance is calculated using advanced molecular simulation strategies.
Amyloids are pathological protein aggregates that play a role in a number of neurodegenerative diseases, such as Alzheimer's disease, Huntington's disease, Type II diabetes, and Parkinson's disease. Though prefibrillar oligomers appear to be more relevant to the progression of those diseases than amyloids themselves, it is difficult to investigate them because of their transient nature. The role of simulation is therefore important for understanding the detailed mechanism of the oligomer formation process. In particular, recent efforts have attempted to understand the often unexpected interplay of hydrophobic and electrostatic forces driving aggregation. Here, we investigate these effects at the very initial stages of amyloid formation, in which small dimeric, trimeric, and tetrameric oligomers are formed. We use fully atomic simulations of peptides in an implicit solvation model, using the replica exchange molecular dynamics (REMD) method coupled with umbrella sampling (UREMD) [1] . As initial test models, we examine a family of experimentally characterized de novo designed peptides [2] that are sequence identical but differ in net charge: K+TVIIE-, K+TVIIE, and +K+TVIIE. We show that the divalent (+2) peptide has significantly less stability upon both dimerization (Fig. 1A) and trimerization (Fig. 1B) as compared to the monovalent (+1) and zwitterionic (uncharged) peptides, consistent with experimental observations of aggregation propensity. However, the dimer free energy profiles do not reveal the known higher aggregation propensity of the monovalent peptide over the zwitterionic peptide. By comparison, the trimer simulations show an increased stability of former over the latter, consistent with experiments. This suggests that the enhanced aggregation propensity of the monovalent peptide emerges in higher-order oligomers.
Our ultimate goal is to build a hierarchical physical picture of oligomerization, from dimers to tetramers, to address quantitatively the relative stabilities of the monovalent and zwitterionic peptides at different oligomer scales. This effort will bring a deeper understanding of the role of electrostatic driving forces during the oligomerization process.
